This study aimed to investigate the treatment strategy, prognostic factors, and risk factors of early death in elderly patients (age ≥ 65 years) with diffuse large B-cell lymphoma (DLBCL) in the rituximab era. Data from elderly patients diagnosed with DLBCL between 2008 and 2014 were collected for analysis. Patients who were younger and had a better performance status were more likely to receive intensive frontline treatment. The median progression-free survival (PFS) and overall survival were 15 and 21 months, respectively. Anthracycline-containing chemotherapy achieved a higher remission rate and showed a trend towards better overall survival but a higher risk of severe neutropenia. Multivariate analysis revealed that very old age (≥81 years), a high-risk age-adjusted international prognostic index (aaIPI) score, and bone marrow involvement were associated with poorer PFS and overall survival. Progression of lymphoma was the major cause of death in the study population. In addition, approximately 25% of patients died within 120 days of being diagnosed. The risk factors for early mortality included very old age, a high-risk aaIPI score, and bone marrow involvement. The appearance of symptoms or signs of tumour lysis syndrome at diagnosis was associated with a trend towards early death.
Some studies have evaluated the safety and efficacy of different dosages and chemotherapeutic regimens for treating elderly patients with DLBCL in the rituximab era [9] [10] [11] . However, the findings of these studies may not entirely apply to real-world clinical practice, given the strict enrolment and exclusion criteria of clinical trials. In particular, patients with poorer performance and complicated comorbidities are unlikely to have participated in these trials. Another important issue is the occurrence of early death after the diagnosis of cancer or after the start of chemotherapy because elderly patients are more prone to suffer from severe complications of the disease or cancer-related treatment. The risk factors of early death have been evaluated in a previous study, but not in elderly patients with DLBCL 12 .
As the population of elderly cancer patients, including those with DLBCL, is increasing, managing cancer in the elderly has emerged as an increasingly common problem. Accordingly, more studies regarding the treatment strategy and prognostic factors for this patient group are warranted. Hence, we conducted this study to investigate the therapeutic interventions and clinical outcomes of elderly DLBCL patients in real-world clinical practice. In addition, we elucidated the risk factors for early mortality to help physicians tailor treatment plans to achieve optimal clinical outcomes.
Participants and Methods
Patient population. We retrospectively analysed patients with DLBCL who were diagnosed at the Kaohsiung Medical University Hospital (KMUH) between 2008 and 2014. This study included elderly patients (aged 65 years or older) with histologically confirmed DLBCL. Patients with primary central nervous system DLBCL were excluded because of the distinct disease characteristics and treatment. The diagnosis and classification were performed according to the 2008 World Health Organization classification of tumours of haematopoietic and lymphoid tissues 13 .
Data collection. Clinical data were collected by reviewing the medical records of each participant. The data obtained in this study included demographic data, medical history, laboratory data, pathology reports, and imaging studies. Clinical data collection included the following variables: age, gender, lymphoma stage (Ann Arbor stage), Eastern Cooperative Oncology Group (ECOG) performance status (PS), and the presence of B cell-related symptoms. Laboratory data included a complete blood cell count, serum albumin level, serum creatinine level, serum lactate dehydrogenase (LDH) level, beta2-microglobulin level, and hepatitis B/C serology. Bone marrow involvement was determined by pathological review of the bone marrow biopsy. The age-adjusted international prognostic index (aaIPI) was calculated for the analysis 14 , and the Charlson comorbidity index (CCI) was also used to evaluate the impact of comorbidities on clinical outcomes [15] [16] [17] .
Treatment of DLBCL.
To treat DLBCL, patients received a combination of rituximab (R) and conventional chemotherapy. The anthracycline-containing (R-CHOP) regimen included rituximab 375 mg/m 2 on day 1, cyclophosphamide 750 mg/m 2 on day 2, doxorubicin 50 mg/m 2 on day 2, vincristine 1.4 mg/m 2 (up to a maximal dose of 2 mg) on day 2, and prednisolone 40 mg/m 2 for five days. Doxorubicin was not prescribed for patients receiving R-COP treatment, but the remaining therapeutic agents and schedule were the same as in R-CHOP. The patients were treated every three weeks for six to eight planned treatment courses. If the patients could not tolerate chemotherapy with curative intent, the treatment choices included steroid administration and supportive care. The clinical parameters for treatment planning included age, performance status and comorbidity and were discussed in multi-disciplinary team meetings. The therapeutic intervention for each patient was determined by the physicians and was performed after it was thoroughly explained to the patients and families. Radiotherapy was performed if residual disease was noted after chemotherapy. Autologous peripheral blood stem cell transplantation was conducted for patients with adequate performance status after treatment of relapsed disease. Regarding supportive care, each patient underwent follow-up in haematology outpatient clinics and received laboratory exams, such as complete blood cell counts, on a weekly basis after each course of chemotherapy. For patients found to have severe leukopenia or neutropenia (grade 3 or grade 4), granulocyte-colony stimulating factor (G-CSF) was prescribed immediately. Prophylactic G-CSF was used in the subsequent chemotherapy courses.
Clinical outcome evaluation.
Response to the first-line treatment was evaluated based on International Workshop criteria 18 . The survival analysis included overall survival and PFS. Overall survival was defined as the duration from the date of diagnosis to the date of death from any cause. PFS was defined as the date of diagnosis to the date of lymphoma progression or death from any cause. The patients in this study were strictly followed by maintaining close contact either at home or at the hospital to identify the cause of death, if possible. The causes of death were classified into three main groups: disease progression, treatment-related toxicity, and any other cause. Death caused by treatment-related toxicity was indicated when the mortality was associated with a severe side effect after lymphoma treatment.
To investigate the risk of early mortality, we defined early mortality as death within 120 days of diagnosis 19 .
Statistics. The frequencies of each categorical variable were compared using chi-square tests (χ 2 tests).
Logistic regression was performed to analyse the treatment strategy and risk factors for neutropenia. Survival curves were plotted using the Kaplan-Meier method and compared using log-rank test. The hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using multivariate Cox regression to investigate the relative risks. Additionally, we performed Cox regression in univariate and multivariate analyses to examine the risk factors for early mortality. All statistical analyses were based on two-sided hypothesis tests with a significance level of P-value < 0.05. 
Results
Patient characteristics. There were 145 elderly patients with DLBCL diagnosed between 2008 and 2014.
After excluding patients with primary central nervous system DLBCL (n = 9) and incomplete data (n = 3), data from 133 patients (64 male and 69 female) with a median age of 74 years (range 65 to 94 years) were collected in the present study. Detailed information about the study population is listed in Table 1 .
Evaluation of the therapeutic inventions.
Of the 133 patients, 23 (17.3%) were receiving steroid monotherapy or supportive care. Additionally, 63 of the patients who received systemic chemotherapy (n = 104) were receiving an R-CHOP regimen. Among patients who were very old (≥ 81 years) and who had poorer performance scores (ECOG PS 2-4), a significantly higher percentage received less intensive therapy, such as R-COP chemotherapy, steroid monotherapy, or supportive care (Table 2 ). In addition, there was a trend towards selecting less intensive therapy among patients with a CCI ≥ 1 (see Supplementary Table 1) . Multivariate logistic regression revealed that the determining factors for using R-CHOP chemotherapy as initial treatment included a relatively younger age (≤ 75 years) and good performance status (ECOG PS 0-1) (P < 0.001 and P = 0.012, respectively), but not the absence of comorbidity or a low CCI score (P = 0.303 and P = 0.126, respectively).
The number of cycles of chemotherapy among patients receiving R-CHOP or R-COP chemotherapy ranged from 1 to 8, with average cycles of 5.5 ± 2.2 (R-CHOP: 5.8 ± 1.9 and R-COP: 5.0 ± 2.6). In total, 64 patients Total patients, n = 133 n (%) Regarding other therapeutic interventions, three patients received radiotherapy for residual lesions and one patient received autologous peripheral blood stem cell transplantation after treatment for relapsed DLBCL.
Analysis of chemotherapy toxicity. There were 62 patients, including 41 patients in the R-CHOP group (65.1%) and 20 patients in the R-COP group (48.8%), who suffered from grades 3 or 4 leukopenia or neutropenia and received G-CSF administration during first-line chemotherapy treatment. Twenty of the patients receiving G-CSF were hospitalized for neutropenic fever, four of whom died after the infection during hospitalization. Multivariate logistic regression analysis revealed that anthracycline administration was an independent risk factor for grade 3 or 4 leukopenia or neutropenia (P = 0.001). Additionally, three patients received R-CHOP initially and then changed to R-COP due to severe complications (two with neutropenic fever and sepsis and one with acute heart failure).
Outcome analysis. A total of 62 patients achieved complete remission after first-line treatment, including 42 patients in the R-CHOP group and 20 patients in the R-COP group. After excluding 23 patients who received steroid treatment or supportive care, the overall remission rate was 56.4%. Patients who received R-CHOP chemotherapy had a higher remission rate (66.7%) than those receiving R-COP chemotherapy (48.8%).
The median PFS and overall survival were 15 and 21 months, respectively. Patients with a relatively younger age (65 to 70 years) and a lower aaIPI score exhibited a better prognosis (Fig. 1) . With respect to prognostic factors, the multivariate analysis revealed that very old age (≥ 81 years), a high-risk aaIPI score (2 and 3), and bone marrow involvement were associated with adverse PFS and overall survival (Tables 3 and 4) . When patients treated with R-CHOP and R-COP chemotherapy were analysed together, the median PFS and overall survival were 32 and 37 months, respectively. Patients who received R-CHOP chemotherapy showed a trend towards a better median PFS (42 months vs. 15 months, P = 0.067) and overall survival (44 months vs. 25 months, P = 0.080) than patients in the R-COP group. Multivariate analysis revealed that a high-risk aaIPI score, bone marrow involvement and an abnormal beta2-microglobulin level showed a trend for poorer PFS (see Supplementary Table 2) . A high-risk aaIPI score was an independent adverse prognostic factor for overall survival (see Supplementary Table 3) .
A total of 81 patients died during follow-up, including 44 patients who died from lymphoma progression. No patients died of acute heart failure after chemotherapy. The detailed causes of death, including early and later mortality, are presented in Table 5 .
Identification of risk factors for early mortality. Thirty-four patients (25.6%) with early mortality (i.e., those who died within 120 days of diagnosis) were identified. Of these 34 patients, 5, 15, and 14 were aged 65 to 70, 71 to 80, and greater than 80 years, respectively (see Supplementary Table 4 ). The causes of early mortality included rapid progression of lymphoma (n = 24, 70.6%), treatment-related toxicity (n = 4, 11.8%), and organ failure as a result of other causes (n = 6, 17.6%). Multivariate Cox regression analysis revealed that very old age (≥ 81 years), a high-risk aaIPI score (2 to 3), and bone marrow involvement were independent risk factors. Patients who had symptoms or signs of tumour lysis syndrome at diagnosis showed a trend towards early mortality (Table 6 ).
Discussion
In this retrospective study, we evaluated the treatment strategies, clinical outcomes, and risk factors for early mortality in patients with DLBCL. The results revealed that the most important factors determining initial treatment Table 2 . Distribution of initial treatments in the study population stratified by age and performance. *P-value < 0.001. + P-value < 0.001. Other regimens included the following combinations: rituximab, vincristine, and prednisolone; rituximab and prednisolone. ECOG PS, Eastern Cooperative Oncology Group Performance Status; R, rituximab; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; COP, cyclophosphamide, vincristine, and prednisolone.
were patients' age and performance status. We found that physicians significantly reduced their usage of anthracycline in chemotherapy regimens for older patients and those with poorer performance status. Approximately 35% of patients did not receive anthracycline-containing chemotherapy, and this proportion was consistent with the findings of previous studies 20, 21 . Possible explanations for this lower usage included concerns about the major side effects of anthracycline, such as the higher rate of cardiotoxicity and myelosuppression in this population 22 . A small portion of patients with no comorbidity, low CCI (CCI = 0) or relatively good performance status (ECOG 0-1) received steroid monotherapy or supportive care. Most of these patients were older, were in an advanced stage or had a high-risk aaIPI score. Based on this finding, age and disease status might be objective factors that determine treatment choice. Patient preference for palliation may also affect the treatment strategy. Given the retrospective nature of the present study, recommendations regarding the treatment choice for these elderly patients remain hypothesis generating only, and additional prospective studies are warranted to address this issue.
This study also investigated prognostic factors. Some findings were concordant with the results of previous studies, whereas others were not. The independent prognostic factors identified in this study included a high-risk aaIPI score, very old age and bone marrow involvement, which were also noted in previous studies 14, 16, 23 . In the present study, patients with very old age (≥ 81 years) showed a reduced median overall survival compared with (1 A) and aaIPI score (1 B) .
the survival reported in a previous study 17 . One possible explanation for this difference is the higher percentage (30%) of patients receiving supportive care or steroid monotherapy in our study, which indicated that certain patients who could tolerate treatment with curative intent were undertreated. Additionally, the present study showed that the presence of comorbidities was not associated with poor prognosis, and this finding was consistent with the results of a previous study 17 . If the data were analysed based on the CCI, there might have been a trend towards poorer long-term outcomes.
This study revealed that patients who received more intensive treatment, such as R-CHOP chemotherapy, had a higher rate of complete remission, which may translate to better long-term prognosis. However, anthracycline administration was associated with a high risk of side effects. Our study showed that approximately 65% of patients receiving R-CHOP chemotherapy required G-CSF administration for severe neutropenia. This finding emphasized the importance of supportive care and pretreatment evaluation. In our study, primary prophylaxis with G-CSF administration was not routinely performed. To reduce the risk of neutropenic fever, closely monitoring blood cell counts and using G-CSF for secondary prevention might be an alternative choice. The results of the present study also suggested that substantial effort should be made to identify patients who can tolerate intensive therapy with a curative intent and to select patients who may benefit from less intensive treatment to provide meaningful quality and quantity of life. Several models, including functional status evaluations and comorbidity indices, have been used or are under development, such as the cumulative illness rating scale, CCI, and comprehensive geriatric assessment 24, 25 . With more comprehensive evaluations of different aspects of patient's health, such as comorbidities, as well as functional, social, and psychological status, physicians will have more information to better tailor the corresponding treatment strategies 26 . The causes and risk factors of early mortality were also investigated in this study. Approximately 25% of patients died within 120 days of their diagnosis despite the advances in supportive care and the use of a novel agent. The most common causes of early death were progression of lymphoma and severe infection due to treatment-related neutropenia. This finding suggested that disease status and treatment may play important roles, which was consistent with the results of previous studies 27, 28 . Regarding the risk factors for early mortality, our findings indicated that very old age (≥ 81 years), a high-risk aaIPI score, and bone marrow involvement by lymphoma were risk factors. Additionally, patients with symptoms or signs of tumour lysis syndrome at diagnosis showed a trend towards early death. The appearance of the previously mentioned factors may indicate a more complicated clinical situation, increased tumour burden, or advanced disease status; therefore, physicians should also pay close attention to this subgroup of patients.
In conclusion, the present study provided information about the treatment strategies, chemotherapy toxicity, long-term prognostic factors, and risk factors of early mortality in DLBCL. Treatment of elderly patients with DLBCL remains a challenge in clinical practice, and comprehensive evaluations to tailor therapeutic interventions and offer the best supportive care may reduce complications and improve these patients' clinical outcomes. Table 6 . Investigation of the risk factors of early mortality using univariate and multivariate Cox regression analysis.
*
Factors with P-value less than 0.1 in the univariate analysis were entered into the multivariate logistic regression model. aaIPI, age-adjusted international prognostic index; B2M, beta2-microglobulin; CCI, Charlson comorbidity index; HR, hazard ratio; LDH, lactate dehydrogenase; TLS, tumour lysis syndrome.
